This study aims at analyzing various extents of transportation equity change and the accessibility change of cities along High Speed Rail (HSR) line in China. To evaluate the accessibility change and transportation equity, certain cities along the transportation corridor which the successfully operating WuGuang HSR lies in are selected as samples of influenced ones first. Cities' connection with HSR and their sizes are considered as choosing criteria. Weighted mean travel time and Generalized weighed travel time, which integrated with generalized cost, are both calculated in the two different scenarios to indicate accessibility changes of each city. The two scenarios are with or without the advent of WuGuang HSR. Accessibilities in different scenarios were carefully contrasted. It was found out that there is no significant change in the mean accessibility aspect of the region between the two scenarios. Then transportation equity issue of the transportation corridor is discussed based on the results of Gini coefficient using the data of Passenger Transportation Balance index. Passenger Transportation Balance index is proposed in this article to indicate the how much is one city's transportation demand satisfied. The research found that cities had HSR stations built-in all attained a more accessibility improvement comparing with the others. And the gap between the accessibilities of the cities along the HSR line and those which are not is relatively wider. However, the equity evaluation using Transportation Balance Gini Coefficient reveals that massive investment in HSR has no potent evidence for equity improvement.
Introduction
This research is interested in how transportation equity and cities' accessibility in a transport corridor would change after the advent of High Speed Rail (HSR). HSR differs from other transport modes mainly in three aspects, the higher speed comparing with conventional rail, the better quality of service and a relative high capacity among passenger transport modes. As a production of huge investment to the local transportation system, the influence HSR may have in changing transportation equity has been noticed as in [1] . Transportation equity is usually evaluated in four aspects: equity among different areas, different social groups, different traffic modes, and different generations [2] . The four all refer to the fairness and justice of the distribution of transportation resources on two or more units. Thus, there is no doubt that accessibility can be used in illustrating transportation equity, as accessibility is an important indicator of transportation resources. Accessibility has already been used in transportation equity evaluation by using the indicators such as Gini coefficient and Theil index [3] . This research will use the data of accessibility in transportation equity evaluation.
HSR was considered playing an important role in evaluating interregional accessibility early in 1997 [4] . For the meaning of accessibility varies as it is defined and operationalised in different scenarios [5] , researchers who were interested in the accessibility changes caused by the operation of HSR have delved into this topic from different angles. Usually accessibility issue of HSR is analyzed together with competition and cooperation of HSR and other transport modes [6] [7] [8] [9] [10] [11] [12] . Aware of the fact that HSR mainly impacts on passenger transport, accessibility is defined as the extent to which transport systems enable groups of individuals to reach out for opportunities or destinations in this research. Travel time and transportation fare are the factors considered in this article.
This research is focusing on city level. They are acting as centripetal as well as centrifugal forces in the whole region [13] .The importance of cities in the spatial organization as well as their roles as important locations of production, consumption, exchange and control is recognized by researchers years ago [14] . A large part of the literature on HSR, which basically linking cities together, focused on impacts it brings to cities in aspects of economic development [15, 16] , labor market [17] and other relevant aspects [18] [19] [20] [21] [22] . The reason why cities were studies instead of regions in those researches is that most of economic activities occur in cities and they provide most of the attractive workplaces. That is to say the accessibility of cities is more suitable for revealing the impact of HSR.
Although there are plenty of studies on relative issues on accessibility and city development caused by the advent of HSR, little attention was allocated on the differences among cities' transportation equity change and accessibility change in a region. Studying changes of accessibilities in the view of the system means concentrating more on whether or not city is more accessible comparing with others. China started establishing its HSR network since decades ago. While there is still a long period of time before the plan is accomplished, some HSR lines have already been put into use and the operation goes fairly well. How HSR impacts the accessibility of the systems of cities along the transportation corridor has attracted lots of attentions in Chinese scholars [23] [24] [25] . However, as the country with the longest HSR lines in operation and going to have the largest HSR network in the world, empirical study on the accessibility change is inadequate [26, 27] . This paper aims at finding out how cities are influenced by HSR in China, basing on the case study of WuGuang HSR.
Methodology Approach

Accessibility Evaluation
To find out how accessible the cities are and then to evaluate the transportation equity，accessibility evaluation needs to be taken first. In this study, accessibility indicator is a reflection of the impact of the advent of HSR on the passengers transferring and then the economic development. This means that accessibility should relate to the role of transport systems which will help groups of individuals to attain opportunities in different cities. Thus, accessibility is defined as the extent to which transport systems enable groups of individuals to reach out for opportunities or destinations. The selection of indicator is a very important issue for measuring changes in the accessibility, since the results of evaluations vary with indicators used. In this paper, we will analyze the variation of accessibility changes by the classic accessibility indicator weighted mean travel time first. This measure does not relate to the short distance and expresses the extent to which a changed link modifies the location by reducing access times to other urban areas [28] . It can be represented as Equation (1):
where i A is the accessibility of a node (city) . ij is the shortest travel time between and .
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M is the weight (for example, population or gross domestic product) of the node . The factor j j M is used to value the importance of the minimum-time [11] . is the number of cities studied.
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Weighted mean travel time considers all relationships within the area of study, but routes on short distances do not contribute more than other factors in the calculations since there is no distance decay. Thus it picks up impacts of new link more dispersal in location than other accessibility indicators, like daily accessibility indicator and economic potential indicator [28] . In this study, the weight j M is specialized by using GDP, for economy is mainly concerned. j M is calculated using the Equation (2):
where j GDP is the gross domestic product, and j P is the number of resident population of city . The number of resident population is used to indicate the scale of the labor market as well as an indicator for job opportunities.
j
The weighted mean travel time was used in lots of researches [23, 24] . In this article, the accessibility will be evaluated by this indicator as well. The result will show us how accessibilities changed if considering travel time only.
Shorten travel time is on reason why HSR caught much attention. However, HSR is also known for its ticket price beside of its high speed. The price of second class ticket is about 0.43 Yuan/km, while the traditional rail is 0.13 Yuan/km. A transportation mode beyond affordance is not an available choice for passengers and will not really help to improve accessibility. Thus, it is necessary to consider ticket price in evaluating accessibility. The Generalized weighed travel time, which integrated time and fare, is considered in this article.
where ij is the extent of accessibility between node (city [29] .
In Equation (4), WH is the number of legal working hours of a year in China, which is 2000. j TV equals the average amount of the GDP one person can contribute to city j per hour. And it differs from city to city. By using GDP, it is quite clear that the benefits to economy and social welfare from saved travel time were all included. However, travel time value in Equation (4) considered the value of work trip while failing to include the value of personal trip.
Researches concerns about the choice making of travelers would use average wage other than per capita GDP in calculations. Thus, travel time value of work trips is calculated as follows.
wage is the urban per capita disposable income. This indicator could well represent the wage according to the statistical indicator used in China.
W
Travel time value of personal trip is thought to have a linear relationship with those of work trip. And the ratio of time value between personal trip and work trip was recommended to choose from 0.2 to 0.6 in China [29] .
This research considers the impact of HSR on cities, which means that the time value of work trip as well as the personal trip should be considered. Therefore, the following equation is used.
where j TV is the travel time value calculated from Equation (4). j TV is the travel time value calculated from Equation (5) .
r is the ratio of work trip.  is the ratio of time value of personal trip to the one of work trip.
In Equation (6), the former part is to represent the travel time value of work trip and the latter is to represent the time value of personal trip. Travel time value of each city is calculated separately.
Because once travel fare is considered, passenger's choice among different transportation modes may differ from the one with minimum travel time. In other words, HSR might be a preferable choice in some routes but no in all routes. Thus, to evaluate the accessibility of a city, the accessibility of each route should be decided first by Equation (3). In Equation (1), the minimum travel time is selected directly as it is assumed that the shorter time the more preferable the choice. The evaluation results of the two indicators will be contrasted to see how fare impacts on accessibility.
As can be seen from the Equation (3), travel fare is integrated in accessibility similarly to travel time in this research. Firstly, the data of travel fare of every mode between every two cities is collected. Then the accessibility between two cities is defined as the minimum one.
where i A is the accessibility of the city i evaluated by Generalized weighed travel time.
The Generalized weighed travel time considers all relationships within the area of study. But there is still no distance decay as weighed mean travel time.
To get a full view, the whole of any cities that might be influenced are seen as the population and the cities selected and calculated are seen as samples. One sample Kolmogorov-Smirnov (K-S) test will be carried out to identify what kind of distribution the population is. Then independent-samples t-test will be implemented to find the differences of mean accessibility between the two scenarios.
Transportation Equity Evaluation
Keep making investments to improve transportation system is important for the development of the society. However, the resource available for investing is limited. Which means that to overfulfil one city's transportation demand is unfair to the others. In other words, the distribution of investment among different cities would affect transportation equity.
The definition of transportation equity requires balance between transportation demand and transportation capability. In this research we define the Passenger Transportation Balance Index to indicate such a balance. The passenger transport is considered only here because HSR influence it most. And in the evaluation process how the freight transport is not included. The indicator, which is represented by , is calculated by the following equation.
A is the accessibility of city i, which is derived from Equation (1) JTTs passenger transportation capability of the city. i A is in the position of denominator. Because the smaller its numerical value the better the accessibility. And ceteris paribus, the better the accessibility the larger value of the Passenger Transportation Balance Index is. i , which is the reciprocal of the per capita GDP, is the representative of Passenger transportation demand.
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i is a relative indicator, as the accessibility indicator i y A . It would vary as the cities chosen for study changed. Thus, there is no certain meaning of its numerical value. It should only be used for comparisons among cities in the same evaluation process. By comparing value of , it is easy to find out which city's transportation demand was more satisfied. y Basing on accessibility data, the transportation equity is discussed by Passenger Transportation Balance Gini coefficient, which is calculated by the data of accessibility evaluation. Gini coefficient (also known as the Gini index or Gini ratio) is an indicator for statistical dispersion. It is originally used to measure the inequality among values of a frequency distribution (for example levels of income). And it has been used in transportation research, too. Santos Bruno [3] used it to indicate the dispersion of accessibility values across all centers. Gini coefficient theoretically ranges from 0 to 1. A Gini coefficient of zero expresses perfect equality where all values are the same, corresponding to complete equality. A low value of Gini coefficient indicates a more equal distribution, while higher Gini coefficients indicate more unequal distribution. To be validly computed, no negative goods can be distributed, which the data of Transportation Balance could well satisfied.
If the probability function   f y is discrete, which is the case of Transportation Balance Index distribution, and where i ( to n ) is the points with nonzero probabilities, indexed in increasing order (
), then Transportation Balance Gini coefficient is calculated using Equation (9) . Gini coefficient indicates the inequality state, which can be expressed with Lorenz curve as shown in Figure 1 , and it is obtained by the ratio of The majority of seats are of the second class and the fare is about ¥ 0.46 per kilometer. A few seats are in the first class, and seats of the deluxe class are also available, which charge about 60% and 80% high respectively more comparing with those in the second class. The price of the second class is only like a half of the price of the flight between Wuhan and Guangzhou even considering the usual discount (about 50%). Each station's distance from the end of Wuhan and its administration in provincial level and city above the prefecture level is illustrated in the Table 1 .
These stations are neither of the same size nor the same importance for the line. Wuhan, Changsha South, Guangzhou South and Guangzhou North are much bigger than the others not only because they are located in the capitals of the three provinces, but also because they are already serving as or planned to be important transport hubs. And what should be informed is that only the four cities, namely Wuhan, Changsha, Hengyang and Guangzhou, have an airport.
Among all these stations, Chibi North, Miluo East, Hengshan West, Leiyang West are smaller because they Table 2 . HSR is now the most convenient when travel time as well as travel cost is considered in all public passenger transportation. From January to October, just the Hunan section of WuGuang HSR has already transferred 12.5 million passengers, which indicates that HSR has become an important transport mode.
Cities to Be Analyzed
The transportation equity is revealed by the data of accessibility in this research. To find out the changes of the accessibilities is more important than getting a precise numerical evaluation result of accessibility. Cities to be analyzed are firstly selected from all the cities which might be influenced by HSR. Because it is merely impossible to evaluate all the cities been influence at the same time, for the hardness of identifying them all. HSR is a huge investment which not only influences the cities which are along the line, but also the cities sharing the same transportation system. Thus, sampling is concerned to estimate characteristics of the whole population, which is all the cities be influenced.
The primary criterion in selecting cities is that the selected cities should be along WuGuang HSR or have direct train service to cities along WuGuang HSR. In other word, cities studied should be in the transport corridor. This criterion would help to get a clear result of the accessibility change by analyzing the impact of HSR. Secondly, the administration demarcations are considered to ensure the data is comparable in this study. That's because the statistic survey is done by different local administration, which usually has some differences in statistic method. To take a sample analysis, cities from one province would be helpful to make the results potent. Also, the level of the city is considered. There are three levels of cities which have an HSR station, decreasing in order of the sub-provincial level, the prefecture level and the county level. These levels do not only reveal cities' political status but also reflect their economic development. In this paper, cities of the county level are not considered for both their economic aggregate and the populations are small comparing with cities from higher levels. From Table 2 . it can be found that stations in county level cities only share small part of the passenger flow. And in this specific case, county level cities are only short distances away from prefecture level cities which are taking charge of them in the politically hierarchy.
Considering criteria aforementioned, cities in Hunan province are chosen. Besides the five cities Yueyang, Changsha, Zhuzhou, Hengyang, and Chenzhou which have an HSR station, Loudi and Changde are selected. Loudi and Changde are prefecture level cities which are of importance to regional development. The nine cities are illustrated in Table 3 .
The accessibility of a certain city is not only influenced by other cities within the region it belongs, but also cities beyond the region [30] . So Wuhan and Guangzhou are used in the evaluating process to ensure the result more attached to the reality. These seven cities are all at the prefecture level. Also, it is easy to find that Wuhan, Guangdong and Changsha, capitals of the respective province, are more developed than other cities from this table. Thus, Yueyang, Changsha, Zhuzhou, Hengyang, Chenzhou, Wuhan, Guangzhou, Loudi, Changde and Wuhan, Guangzhou are analyzed in the accessibility evaluation process.
Empirical Analysis
There are nine cities to be analyzed in the accessibility evaluation process. However, the evaluation results of Wuhan and Guangzhou are not discussed in this paper. Because as mega city of sub-province level, both Wuhan and Guangzhou have lots of transportation connections with cities allocated in a broad area. So only considering a few cities along HSR line is insufficient for the accuracy of their accessibility evaluation. As aforementioned, there are only 4 cities which have airline services. Among those 4 cities, there are only direct flights between Wuhan and Guangzhou, which take 1 hour and 40 minutes on the plane. According to the administration provisions, passengers traveling by plane need to arrive at the airport, which usually located in the suburban area, to board the plane at least half an hour before the plane took off. Thus, minimum travel time between Wuhan and Guangzhou would add up to two and a half hours. Railway, buses are also considered in comparing with HSR while private vehicles are not considered in this paper.
Accessibility Evaluation by Weighed Mean Travel Time
The latest minimum travel time is collected in two scenarios, with or without the HSR taken into consideration. Accessibility represented by here is rather a comparative indicator, which reveals the change of accessibility other than showing the absolute value of accessibility. According to Equations (1) and (2), the accessibility variation can be evaluated. And the evaluation results of are presented in Table 4 .
According to the definition of accessibility measurement, the smaller the numerical value of is, the more accessible the city is. From evaluation results, it can be found that all the cities along HSR were exalted in accessibility. And these accessibilities have been promoted in similar ratios. Though no HSR station in, the accessibili- ties of Loudi and Changde have been improved too. That is because both direct trips and transfer are considered and passengers can move to a city with HSR and take it. Thus, Loudi and Changde also benefit from the advent of HSR.
Accessibility Evaluation by Generalized Weighed Indicator
The travel time and travel fare of each transport mode are collected in two scenarios, with or without the HSR taken into consideration. In the evaluation process, r in Equation (6) is 0.5 according to an investigation implemented on WuGuang HSR [31] . And  is valued 0.4 as recommended [32] . According to Equations (3), (4) and (6) the accessibility evaluation results of i A calculated by Generalized weighed travel time are presented in Table 5 .
After travel fare is taken into account, HSR is not attractive for it is more expensive than rail and bus. Passengers will choose the traditional railway or bus if they do not find the time saved by HSR worth the increase of fare. Thus, it is easy to interpret that the accessibility promotion illustrated is Table 5 is not as much as in Table 4 .
By contrasting the difference of evaluation results by weighed mean travel time and integrated indicator, it is found that the ticket price of HSR has great impact on accessibility. And the results in Table 5 are closer to the observation that the accessibilities of cities with HSR do not have a promotion of about 50%.
Only find out the accessibility change of the seven cities is not sufficient to understand the impact of the HSR to the transportation corridor. In order to understand the differences between the two scenarios, the non-parameter analysis is carried out to find the distribution of accessibility. The results shown in Table 5 are used in this procedure. The result is shown in Table 6 . Distribution of accessibilities in both scenarios can be seen as normal according to the results. The samples are independent of each other. To further understand the gap of standard deviations between the two scenarios, independent-samples t-test is carried out. The final results are shown in Table 7 .
The purpose of independent-samples t-test is to test for significant differences between means. Levene's test checks for whether their variances are relatively similar or not. The significance for Levene's test is above 0.05. Thus the "Equal Variances Assumed" test is used.
The significance is 0.839 (0.839 > 0.05), which means there is no significant difference between values of mean accessibility in two scenarios.
In other words, despite the difference of mean accessibilities caused by the advent of WuGuang HSR, there is no significant accessibility change statistically. This conclusion dose not conflict with the evaluation result in Table 4 that cities have HSR stations built in have an over 30% accessibility improvement. Because when one sample K-S test and independent T-Test are accomplished, all the cities been influenced are considered other than the samples chosen.
Transportation Equity Analysis
Cities are acting as centripetal as well as centrifugal forces in the whole system [33] , which are both connected to the accessibility. The more accessible one city is the more benefit it would have in economic aspect. However, if decisions are made considering monetary aspect only, the disparities between developed regions and undeveloped ones will increase [2] . So the equity issue is an important one to be considered. And the equity among different regions is going to be considered. The following part is going to reveal the equity change through analyzing the change of accessibility. The Passenger Transportation Balance indexes of the two scenarios are calculated using Equations (3) and (7). Results are presented in Table 8 . By using the data in Table 8 , Gini Coefficient can be calculated in Table 9 .
The Gini coefficients calculated shows that after HSR is built, the cities influenced are slightly falling into a more unequal situation. However, due to the limited change, there is no potent evidence that WuGuang HSR has changed transportation equity along the transportation corridor.
There are some possible explanations for this slight influence. One is that the HSR would benefit cities in close extent, which resulted in similar change ration of accessibilities. Another is that because the network of HSR is still unfinished, the impacts brought in by a single line are limited.
In conclusion, the advent of HSR would improve the extent of satisfaction of cities' transportation demand. And it has also slightly worsened the transportation equity.
Discussion and Conclusions
This study analyzed various extents of transportation However, if the high price due to the cost of building and operating HSR is considered, it is found that there are only small improvements in accessibility, which for the majority of the cities the improvement rate is under 12%. In the process of using the generalized weighed travel time, the time value is slightly overvalued by using per capita GDP. If it is estimated by real income, which will result in a smaller time value, the evaluation would reveal a less impacted accessibility. This should have drawn the attention of HSR planners, that the ticket price of HSR is still unaffordable for a large part of citizens under the current income level in China. The high price determines that most of the WuGuang HSR users are on business trip and their companies will afford the cost. Thus, we suggest administers of HSR to supply discount tickets in low seasons and off-peak hours. Such measures could benefits more people on the one hand. On the other hand, it could help to improve the usage of HSR.
It is commonly believed that accessibility would improve greatly once HSR was built. In this research, the mean accessibility of the region WuGuang HSR lies in is evaluated to find out whether great improvement has occurred. It is found that WuGuang HSR did not statistical change accessibility of the region. The ticket price might be an important reason. Moreover, WuGuang HSR is still a single line other than part of a HSR network at present. And it is not well connected with conventional railway network. This could be possible explanations for the finding that no significant accessibility change is found in this region. That is to say how to take advantage of network effect should be considered in the planning process of HSR lines.
In this research, transportation resource versus transportation demand is defined as Passenger Transportation Balance index. And Transportation equity discussed here, which is a kind of equity among different areas, concerns about the distribution of Passenger Transportation Bal-ance index among different cities. Transportation equity is indicated by Gini coefficient with the results of Passenger Transportation Balance index. According to the evaluation, transportation equity has not been significantly affected. However, it is obvious that cities are not benefiting equally from HSR according to Passenger Transportation Balance index.
What have been achieved could well illustrate how cities would be influenced by HSR in aspects of accessibility and transportation equity. The degrees of the impacts are not only determined by the travel time shorten by HSR, but also determined by some other factors like income level. In future researches, more measurements could be applied to describe how cities would be influenced in more detailed way, like which social groups would benefit most from HSR. Further, how citizens of different group would be influenced as well as how transport equity among different groups would change will be studied by combining residents' travel choice model with this research in the future.
